Improvement in seed vigor under adverse condition is an important object in maize breeding nowadays. Because the higher sowing quality of seeds is necessary for the development of the agriculture production and better able to resist all kinds of adversity in the seeds storage. So it is helpful for long-term preservation of germplasm resource. In our study, two connected recombinant inbred line (RIL) populations, which derived from the crosses Yu82 × Shen137 and Yu537A × Shen137 respectively, were evaluated for four related traits of seed vigor under three aging treatments. Meta-analysis was used to integrate genetic maps and detected QTL across two populations. In total, 74 QTL and 20 meta-QTL (mQTL) were detected. All QTLs with contributions (R2) over 10% were consistently detected in at least one of aging treatments and integrated in mQTL. Four key mQTLs (mQTL2-2, mQTL5-3, mQTL6 and mQTL8) with R2 of some initial QTLs > 10% included 5 -9 initial QTLs associated with 2 -4 traits. Therefore, the chromosome regions for four mQTLs with high QTL co-localization might be hot spots of the important QTLs for the associated traits. Twenty-two key candidate genes regulating four related traits of seed vigor mapped in 14 corresponding mQTLs. In particular, At5g67360, 45238345/At1g70730/At1g09640 and 298201206 were mapped within the important mQTL5-3, mQTL6 and mQTL8 regions, respectively. Fine mapping or construction of single chromosome segment lines for genetic regions of the three mQTLs is worth further study and could be put to use molecular marker-assisted breeding and pyramiding QTLs in maize.
Introduction
Seed is consumed as food and animal feed, providing more than 70% of caloric intake around the world, additionally it is also a fundamental component of the plant life cycle, as they store the genetic information necessary for the next generation of plants to disperse, establish, develop and eventually reproduce to maintain the species [1] . Seed vigor is an important and complex agronomic trait, determined by several factors including genetic and physical purity, mechanical damage and physiological condition, characterized by maintaining a high seed vigor and stable content after storage [2] [3] [4] , and required to ensure the rapid and uniform emergence of plants in the field under different environmental conditions. High vigor seeds make a great advantage for growth and production potential, which can enhance germination rates, resistance to environmental stresses, and crop yields [5] [6] . Therefore, farmers and growers are constantly looking for high quality seeds able to ensure uniform germination and growth in field and to increase production.
Seed vigor essentially depends on the ability to withstand prolonged storage and the deleterious effects of aging. Seed vigor during storage can be defined as the maximum time period that pure seeds retain germination viability when stored under ideal environmental conditions and therefore represents an important trait for the conservation of seed resources. It varies among the different species due to natural variability and is usually regarded to be related with seed longevity or seed storability traits [7] [8] . A reliable assay is essential to accurately phenotype the response to seed storability. However, studies of seed longevity under conventional or optimal storage conditions would take years to complete and therefore so-called accelerated aging or controlled deterioration tests (CDT) have been developed to assess the vigor of seed lots and to predict their relative longevity by aging seeds rapidly at elevated temperature and relative humidity (RH) as an alternative to analyze this property more efficiently [9] [10] [11] .
Although the environment during seed formation, harvest, and especially storage is important for seed vigor, genetic factors also largely affect seed vigor [12] [13] [14] [15] . Genetics provides a powerful approach such as linkage analysis and, more recently, association mapping for genetic dissection of physiological and molecular bases of phenotypic traits such as seed longevity [16] . The former relies on trait segregation in a population derived from a bi-parental cross, and has been used to identify QTL for seed vigor under conventional storage conditions or CDT in rice, barley, wheat, oilseed rape and model plant Arabidopsis thaliana [7] [13] [14] [17] [18] [19] [20] [21] . The latter is a population-based method that the mapping population consists of a set of unrelated accessions by the detection of linkage disequilibrium between a trait and a genetic marker [22] . However, seed vigor was not reported so far in all species. In addition, proteome analysis of seed vigor in Arabidopsis thaliana, maize revealed common features the CDT or conventionally aged seeds [23] [24] [25] . Agricultural Sciences
In the present study, 208 and 212 F10 RILs derived from the two crosses between Yu82 and Shen137, Yu537A and Shen137 were used to detect QTL for four traits of seed vigor under control and three aging treatment conditions. The first aim of this research was to identify the QTL traits of seed vigor. The second aim was to integrate QTLs detected across two RIL populations to identify true QTLs, and furthermore was to integrate candidate gene analyses with related traits of seed vigor QTL mapping across two populations to test the effects of numerous candidate genes for the traits known from other species on the natural variations for the traits in maize.
Materials and Methods

Plant Materials and Artificial Aging Treatments
First, confirm that you have the correct template for your paper size. This template has been tailored for output on the custom paper size (21 cm * 28.5 cm).
The two connected populations used in the study consisted of 208 and 212 F10
RILs derived by single-seed descent from two crosses of Yu82 × Shen137 and Yu537A × Shen137, which were referred as Population 1 (Pop 1) and Population 2 (Pop 2) and used to identify QTLs for related trait of seed vigor, respectively.
The artificial aging treatment was used the same method described by Zeng et al. [26] . The seeds of two populations and three parents were reproduced in the winter in Hainan Province in 2015. After harvest, the seeds were fully dried under natural conditions. The seeds of each genotype were divided into four portions (60 seeds choosing to ensure sowing quality of every portion) for artificial aging treatments. All the seeds were placed in Nylon mesh belt firstly, then were treated at 45˚C ± 1˚C and 90% relative humidity for 0, 2, 4, and 6 days (0d, 2d, 4d and 6d) by using a thermostatic moisture regulator, respectively. Every treatment followed a randomized complete block design with three replications.
Among treatments, 0d treatment acted as control.
Germination Experiment and Related Trait of Seed Vigor Evaluation
The template is used to format your paper and style the text. All margins, column widths, line spaces, and text fonts are prescribed; please do not alter them. You may note peculiarities. For example, the head margin in this template measures proportionately more than is customary. This measurement and others are deliberate, using specifications that anticipate your paper as one part of the entire journals, and not as an independent document. Please do not revise any of the current designations. The germination experiment conducted at 25˚C in artificial climate chamber in 2016. The method of germination experiment was as follows: the first, selecting diameter of 0.05 -0.2 mm of fine sand as sprout bed and the sand was treated by high-handed sterilization pan at 120˚C for two hours; the second, using a germination container of 16 × 8 holes that the diameter of each hole was 40 mm; the third, each hole was filled with 3.5 cm thick sand and put 2 seeds in it, and then used 1.5 cm thick sand to cover them; the last, the germination containers sowing seeds were left in artificial climate chamber for a temperature 25˚C, a relative humidity 65% and illumination conditions 4000 lx, the photoperiod was 14/10 (day/night). The number of germinated seeds was counted daily. The data of related traits for 8 days after sowing were used for QTL analysis when obvious differences between the parents were observed. After daily statistics finished, 5 plants of each RIL were selected randomly to measure the seedling length, respectively. The germination percentage (GP) was calculated as GP = n/N × 100%, where n is the total number of germination seeds, N is the total number of seeds. The germination index (GI) was calculated as: GI = ΣGt/Dt, where the Dt is the germination time, Gt is the number of germinated seeds on the time. The vigor index (VI) was calculated as: VI = GI × SL, where the SL is the seedling length on day 8. The simple vigor index (SVI) was calculated as: SVI = GP × SL. The mean germination time (MGT) was calculated as: MGT = ΣGt × Dt/GP, where the sense of Gt and Dt as above.
Statistical Analysis of Phenotypic Data
The trait values for each RIL were reported as the average from five plants in each replication. The overall performance was the average over the three replications from each artificial aging treatment. Analysis of variance (ANOVA) was carried out to estimate genetic variation for all the measured traits among the RILs using the general linear model procedure of the statistical software SPSS 17.0. Descriptive statistics and simple correlation coefficients (r) between the traits were calculated using the above statistical software. [30] . To identify an accurate significance threshold for each trait, an empirical threshold was determined by performing 1000 random permutations [31] . QTL position was assigned to relevant region at the point of the maximum likelihood odds ratio (LOD). QTL confidence interval was calculated by subtracting one LOD unit on each side from the maximum LOD position [32] . 
Construction of Genetic Linkage Map
Meta-QTL Analysis
To integrate QTLs information for the measured traits located in the two connected RIL populations, the genetic linkage maps were integrated and consensus
QTLs were identified by meta-analysis [33] [34]. The QTLs mapped in the two connected RIL populations were projected on the integrated map using their positions and confidence intervals shared by two linkage maps. Some controversial markers between two linkage maps were deleted, which could effectively improve the accuracy of projection.
Meta-analysis was performed by using BioMercator2.1 software [34] . The
Akaike Information Criterion (AIC) was used to select the QTL model on each chromosome [35] . According to this, the QTL model with the lowest AIC value is considered a significant model indicating the number of meta-QTL. The number of mQTLs that best fitted the results on a given linkage group was determined based on a modified Akaike criterion [36] . Meta-QTL were named according to ''q'' +''artificial aging treatment days" + ''trait abbreviation'' + ''population code'' + ''−'' + ''chromosome number'' + ''QTL number''.
Results & Discussion
Phenotypic Performance of Traits Associated with Seed Vigor in Three Parents and Connected Two RILs
The values of GI, VI and SVI were obviously decreased and the values of MGT were markedly increased after three treatment conditions compared with control in parents and two populations. For three parents, the values of GI, VI and SVI were higher for Yu82 and Yu537A than Shen137 under four aging treatments, while the reverse was true for MGT. trait differences were also found among 
QTL Detection for Each Trait in Two Connected Populations
A total of 74 QTLs for GI, VI, SVI and MGT were detected in two connected populations under control and after three aging treatment conditions, with 40
QTLs in Pop. 1 and 34 QTL in Pop. 2 (Table 3 ). These QTLs were located on all chromosomes. The contributions to phenotypic variations for a single QTL ranged from 5.33% to 13.74%, with 10 QTLs over 10% and 1 QTL over 13%.
GI
Nine QTLs in Pop.1 and ten QTLs in Pop.2 were identified and located on all chromosomes except for chromosomes 2 and 10 under four aging treatment conditions. The contribution rates of these QTLs ranged from 5.56% to 13.74%
of total phenotypic variance ( Table 3 ). The positive alleles of q2GI1-3, 
VI
Eighteen QTLs were mapped for VI under control and after three aging treatments in the two populations, nine in Pop.1 and nine in Pop.2. They were distributed across the whole genome, except for chromosomes 9 and 10 with contribution to phenotypic variation for a single QTL from 5.39 to 8.89% (Table   3 ). The positive alleles of qnVI1-1-1, q2VI1-1, q4VI1-1, q4VI21-6 and q6VI1-7 
MGT
Under control and after three aging treatments, nineteen and nine QTLs for MGT were detected on all chromosomes except for chromosome 10 in Pop.1 and Pop.2 respectively, which explaining from 5.33% to 11.33% of the phenotypic variation (Table 3) 
Genetic Map Integration and mQTL Analysis from the Experimental Results
The consensus genetic map included 1712 SNP makers and was 1712.6 cM long with an average of 1.00 cM between markers on the basis of two connected populations. Meta-analysis identified mQTL that was associated with the variation of multiple traits measured. So 20 mQTLs were detected from the seventy-four initial mapped QTLs in the two RIL populations for four traits measured by using meta-analysis (Table 4) . Seventy-two initial QTLs (97.3%) were integrated in these regions. The 20 mQTLs were located on all chromosomes except for 10, four on chromosome 4, three on chromosomes 1, 3 and 5, two on chromosome 2, and one on chromosomes 6, 7, 8 and 9. On average, one mQTL included 3.68
initial QTLs with a range from two to nine for 1-3 traits. It is worth noting that all initial QTLs with R2 > 10% were integrated in 7 mQTLs: mQTL1-1, mQTL2-1, mQTL2-2, mQTL5-1, mQTL5-3, mQTL5-4 and mQTL8.
Initial QTLs included in mQTL8 were all detected for GI under control and after three aging treatments, that in mQTL2-2 for three traits, that mQTL3-2 for two traits and those in mQTL1-3, mQTL3-1, mQTL4-4, mQTL5-1, mQTL5-3, mQTL5-4 for one traits under two conditions, respectively, and those in the rest of the mQTLs for two traits under one condition. 
Discussion
Comparison of QTL Located and Synthesis of Initial QTL in the Two Connected RIL Populations
Comparing the results in both populations, the research found that two common QTLs were located in the same chromosome regions, one for GI at bin 1.09 and the other for MGT at bin 10.03; two common QTLs were located near chromosome regions, one for VI at bin 4.08 -4.09 and the other for SVI at bin 4.08 -4.09, respectively. These QTLs showed great consistency across both populations, which might deserve further study in molecular marker-assisted selection (MAS). Although the two populations exhibited certain similarity because they share one of the parental lines, population-specific QTLs were also found. Three
QTLs on chromosomes 9 and 10 were detected in Pop1 under 1 -2 treatments.
These QTLs were contributed by the unique parental line Yu82. One factor of inconsistency of QTL was the use of different bi-parent populations. Difference in the genetic background between the two populations exists because they share only one common parental line.
Twenty mQTLs were detected from the total of 74 initial QTLs for the traits measured using mQTL analysis proposed by Goffinet and Gerber [36] 
Associations between QTL and Candidate Genes in Maize
Maize is grown widely throughout the world in a range of agro-ecological environments. Companies sell many different registered hybrids in the same ecological region because of the high profits from producing hybrid maize. The amount of hybrid seeds produced by a few large companies could be excess to the requirements of market, so that the extra seeds stored to sell the following year. In the process of seed storage, the aspects of adverse factors associated with high temperature, high moisture content, and high oxygen gas pressure would induce free radical-mediated lipid peroxidation, enzyme inactivation, protein degradation, disruption of cellular membranes, and damage to genetic (nucleic acids) integrity [39] [40] [41] . Therefore, they could accelerate seed deterioration, and decrease seed quality and vigor. To understand further the genetic basis of seed vigor variation during seed storage, the association between QTLs and genes known to be involved in seed vigor in Arabidopsis [38] and maize [42] Z. P. 
Protein Metabolism Is Major Components of Seed Vigor during Seed Accelerated Aging
Seed germinations had requirement for some protein metabolisms regrouped several functions during seed accelerated aging, containing protein translocation, folding, thermotolerance, oligomeric assembly, and switching between active and inactive protein conformations [38] . The simultaneous impairment of these functions was closely linked with the loss of seed vigor [38] . (hsp20/alpha crystallin family protein) for molecular chaperone was mapped to the mQTL3-3 interval associated with VI and SVI. The candidate genes (Hsp26, hsp20, HSP16.9 and HSP17.2) with chaperone activities in aged maize seeds might disturb signal transduction such as in responses to stresses like heat shock [45] [46] and also favored targets for oxidation, presumably because they act as shields protecting other proteins against ROS damage [47] . 298201206
(Stress-related protein) was located in the mQTL8 interval for GI, VI and MGT.
It has specific role in the detoxication of a wide range of exogenous and endogenous toxicants in artificially aged maize seeds [42] .
In addition, three candidate genes identified within mQTL detected under aging treatments were associated with the storage protein and protease in this 
The Glycolytic Pathway Is Affected during Seed Accelerated Aging
In this study, six candidate genes identified within mQTL detected under aging 
Other Pathways Were Involved in Seed Vigor during Seed Accelerated Aging
In this way, other pathways were also involved in seed vigor after accelerated aging except for the above two pathways. For example, the embryo cell undergoes active division and expansion during seed germination. The events might be affected by accelerated aging treatment, as seeds germinated at a much lower speed after aging [54] . In our study, 224061823 (Predicted cyclin-dependent kinase A, CDK) for cell growth/division was mapped in the same mQTL1-3 interval associated with GI and VI; 162459414 (MEK homolog1) for cell growth/division were mapped to the same mQTL3-2 interval associated with VI, MGT and SVI, In addition, 195658029 (Lipoprotein) for lipid metabolism was mapped to the same mQTL4-2 interval associated with VI and MGT. CDK and MEK homolog 1 played a pivotal role in the regulation of the eukaryotic cell cycle.
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Conclusion
In conclusion, the consistency of the QTL and the candidate genes identified in this study provided valuable information for further finding quantitative trait genes. The alleles for seed vigor could be useful targets for marker-assisted selection to produce germplasm of aging resistance.
